ABSTRACT: Aiming to obtain information concerning the genetic control of the resistance of the bean (Phaseolus vulgaris L.) to the fungus Fusarium oxysporum f. sp. phaseoli, six crosses involving three resistant lines (Carioca MG, Esal 583 and Esal 566) and four susceptible to the fungus (Carioca, CNFC 10443, Uirapuru and Esal 522) were developed. The parental lines, the controls (Carioca MG and Carioca) and the F 1 , F 2 and F 3 generations were evaluated for reaction to Fusarium. For inoculation, root cuttings were immersed in a spore suspension. The evaluations were performed at 21 days after inoculation, by scale of notes ranging from 1.0, to 9.0 and genetic and phenotypic parameters were estimated. The heritability in the narrow sense ranged from 0.34 to 0.42 and in the broad sense of 0.76 to 0.97, showing that selection should be easy, since efficient inoculation and selection methods are used. The average degree of dominance was around 1.0 indicating the presence of dominance in the control of the character, although additive effects are also expressive. 
INTRODUCTION
Fusarium wilt, caused by the fungus Fusarium oxysporum f. sp. phaseoli Kendrick & Snyder, is a serious vascular disease of common bean (Phaseolus vugaris L.) in Latin America, in Africa and in the northwestern United States (Buruchara & Camacho, 2000) . In Brazil, this disease has attracted special interest in the last years, due to a higher degree of mechanization in the fields, successive plantings and more than one common bean harvest per year. This disease causes vascular wilt, due to vessel colonization. The main reflex symptom is the progressive yellowing from the lower towards the upper leaves.
Information on the number of pathogen races and the variability within races is limited. Seven pathogen races, well-distributed across the continents, are documented in the literature. In Brazil, there are indications of the predominance of one race, designated race 2 (Alves- Santos et al., 2002) .
The existence of variability in the reaction to this pathogen was reported at several occasions (Salgado & Schwartz, 1993; Woo et al., 1996; Sala et al., 2006; Pereira et al., 2008) . There are some reports of ge- netic control of resistance; the first was probably the study of Ribeiro & Hagedorn (1979) , who identified the presence of only one gene with a dominant allele conferring resistance. More recently, other results were reported for the genetic control of resistance (Salgado et al., 1995; Cross et al., 2000; Brick et al., 2004) . No report was found on the genetic control of resistance to this pathogen using exclusively germplasm developed in Brazil, nor any information about the use of the estimated mean and variance components to study this trait.
Thus, this study was conducted with the objective to obtain information on the genetic control of resistance to race 2 of Fusarium oxysporum f. sp. phaseoli.
MATERIAL AND METHODS
The experiments were conducted in an experimental area located in Lavras, State of Minas Gerais, Brazil. Seven common bean lines previously evaluated for the reaction to Fusarium oxysporum f. sp. phaseoli (Pereira et al., 2008) To promote the sporulation, the conservation of the fungus was held in the test tube containing culture medium BDA, immersed in mineral oil. The suspension of spores was prepared minutes before each inoculation.
The plants were inoculated 9-10 days after sowing (first pair of unifoliolate leaves fully expanded). For this purpose, the plants were removed from the trays, the root system carefully washed in tap water and 1/ 3 of its length cut off with a pair of scissors and immersed in the spore suspension (10 6 conidia mL -1 ) for five minutes. Roots of the control plants were immersed in distilled water and then transplanted to pots containing substrate. During the evaluations the pots were kept in a climate chamber at 22°C ± 2°C, with a photoperiod of 12 hours. The plants were watered every two days and fertilized with 1.0 g NPK fertilizer (8-28-16), ten days after inoculation.
In all experiments, the plants were evaluated 21 days after inoculation (DAI), based on the disease severity index developed by the CIAT (Pastor-Corrales & Abawi, 1987), in which: 1 = no leaf or vascular symptom, 3 = 1% to 10% of symptomatic leaves, slight wilting of plants and vascular hypocotyl discoloration, 5 = 11% to 25% symptomatic leaves, moderate plant wilting and vascular discoloration up to the first node, 7 = 26% to 50% of symptomatic leaves, severe plant wilting and vascular discoloration on the entire stem and petiole; 9 = dead plant. Lines with mean scores between 1.0 and 3.0 were considered resistant, between 3.1 and 6.0 moderate and between 6.1 and 9.0 susceptible (Pastor-Corrales & Abawi, 1987; Salgado & Schwartz, 1993; Elena & Papas, 2002) .
The analyses consisted in (i) estimating the mean component, based on the model without epistasis, using a procedure similar to that proposed by Cruz et al. (2004) and in (ii) estimating the components of variance for the crosses where the F 3 generation was available , using the method of the iterative weighted least squares, according to Cruz et al. (2004) . The estimates were obtained using software Mapgen (Ferreira & Zambalde, 1997) .
RESULTS AND DISCUSSION
The parents used confirmed the resistance or susceptibility reaction detected in previous evaluations (Pereira et al., 2008) . The reactions of the two control lines were also confirmed in all experiments evaluated.
The model used to estimate the mean components, containing only m (average of the contribution of the homozygous loci), a (the algebraic sum of the effects of the homozygous loci measured as deviations from the mean, additive effect) and d (deviations of the heterozygous from the mean, dominance effect), was sufficient to explain all variation observed. The estimates of the coefficient of determination (R 2 ) were higher than 99% (Table 1) , indicating, as above mentioned, a well-fitting model. No report of mean component estimates was found for traits associated to pathogen resistance, using grade scales in common bean. However, there are reports of mean components estimated for resistance to Phakopsora pachyrhizi (Asian rust) in soybean (Ribeiro et al., 2007) . In most cases these authors also found a well-fitting model with only m, a and d, that is, without epistasis. It is important to mention that these authors used a 0% to 100% disease severity grade scale for leaves.
The estimates of m, a and d of the crosses involving the parents contrasting for resistance showed that these values were very similar. The m estimate, for example, varied from 4.57 (cross Carioca MG × Carioca) to 4.92 (Carioca MG × CNFC 10443). The errors associated to the m estimate were also of small magnitude, with values below 10% of the estimate in all cases (Table 1) .
In general, the same observations as for m are valid for the estimate of a, i.e., of the additive effect. They were also similar for the crosses, although the error variation associated to estimate a was greater. Even then the associated error may also be considered small (below 20% in all cases).
The estimated contribution of the loci in heterozygosis, presence of dominance (d), were also similar to the (a) estimates (Table 1 ). The average level of dominance varied from 0.61 (cross ESAL 583 Uirapuru) to 1.01 (ESAL 566 × Esal 522), indicating dominance in the trait control (Cruz et al., 2004) . Since the estimate of d was negative, it was inferred that the dominance is in the sense of conferring resistance, since, by the criterion of grade scales, plants with less symptoms have lower grades.
For some crosses where the F 3 generation was available, the components of genetic and phenotypic variance were estimated (Table 2) . In all cases, the model fit well, with R 2 higher than 0.92. The estimated additive variance ( ) was similar in the crosses: = 4.72 in cross Carioca MG × Carioca and = 5.69 for Carioca MG × Uirapuru. The confidence interval (CI) was of small magnitude and the lower limit of the range was always positive, indicating that differed from zero.
The estimated dominance variance ( ) for cross Carioca MG × Carioca was nearly twice as high as . In the cross Carioca MG Uirapuru the value was similar to . The CI of was also of small magnitude and the lower limit positive, indicating that differed from zero. The estimates of environmental variance ( ) were lower than the component of genetic variance, allowing the conclusion that the environmental influence on the trait is small. It is important to mention that the plants to be inoculated were rigorously controlled, in the system of inoculation and post-inoculation, and that the plant development in the pots occurred under controlled environmental conditions.
The estimated average degree of dominance was, in all cases, higher than that obtained by the mean component. The estimates of the component of variance are normally associated to a more pronounced error than the mean component (Bernardo, 2002) . This is most likely the reason why the estimates of average degree of dominance, especially in the cross Carioca MG Carioca, were higher than 1.0. However, as stated above for the mean components, dominance may be inferred in the trait control.
The heritability estimates in the narrow sense ( ) were higher than 34% ( Table 2 ). Considering that the evaluation was performed in plants, this heritability can be considered of mean magnitude. Unfortunately, no report was found of estimate in plants in the pathosystem Fusarium oxysporum f. sp. phaseoli -common Table 1 -Estimated mean components for the trait severity grades of Fusarium oxysporum f. sp. phaseoli, the standard error associated to each estimate, average level of dominance and the coefficient of determination (R 2 ).
1/ significant estimates by the t test at the 5% probability; 2/ significant estimates by the t test at the 10% probability; NS/ non-significant. bean in the literature. Higher heritability estimates for resistance to Fusarium wilt than observed here were obtained by Cross et al. (2000) ( = 0.85) . However, this estimate was obtained using the regression of the parent means and the mean of the F 2 generation, involving the segregating populations (F 2 ), i.e., the estimate obtained by Cross et al. (2000) aims at the selection of populations rather than at F 2 plants. In this case, the estimate is not directly comparable to the one obtained here. Estimates of heritability for resistance to other pathogens in common bean are frequent in the literature. Amaro et al. (2007) evaluated angular leaf spot (Pseudocercospora griseola) using S 0:1 progenies and obtained varying heritability estimates, from 21.8% to 70.5%. Ribeiro et al. (2007) also studied the genetic control of Asian soybean rust (Phakopsora pachyrhizi), using percentage of disease severity. They estimated h 2 in the mean of the F 2:3 progenies ranged from 42% to 74%. In this case the values are not directly comparable either since the estimated mean was based on the progenies rather than on the plants.
The high heritability estimates in the broad sense in the plant ( above 0.76) ( Table 2) , together with the environmental control in the evaluations further suggest that few genes control the trait. Similar results were also reported by Cross et al. (2000) , with race 4 of the fungus, in crosses involving lines originated from the Durango race. However, in lines of Mesoamerican origin similar to those used here, the authors evidenced the existence of polygene control of resistance. In contrast, Brick et al. (2004) stated that different genes are involved in the genetic control of races 4 and 5 of F. oxysporum f. sp. phaseoli and that the dominant allele is responsible for the resistance of both races.
CONCLUSIONS
The genetic control of resistance to Fusarium oxysporum f. sp. phaseoli involves genes with dominance, although additive effects are also expressive. Heritability is high, showing that selection should be easy, since efficient inoculation and selection methods are used. 
